The aim of this research was to diversify the grape production system, currently based on table grapes, in the subtropical region of Parana state, Brazil, through the introduction of cultivars for processing and fresh market production. A field trial was carried out in an experimental vineyard of 'Isabel' and 'Jacquez' American grapes, as well as 'Cabernet Sauvignon' and 'Tannat' European grapes, located in the city of Maringá . Two cycles were evaluated (2003/2004 and 2004/2005 seasons). The phenological development of grape cultivars and the thermal demand (degree day -DD) were characterized in order to determine means to predict harvest. The physicochemical characteristics of berries and clusters were determined from early ripening to harvest. 
INTRODUCTION
The grape industry in Parana state, Brazil, is an important economical trade for the country. This agricultural activity stands out in two important regions: the metropolitan region of Curitiba, located in the south of the state, traditionally known for the elaboration of table wines, mainly of the cultivar Bordô; and the northern region, with vinifera table grapes, mainly 'Benitaka', 'Italia', 'Rubi' and 'Brasil'. Vinifera table grapes are planted in approximately 3.3 thousand hectares, where 105 thousand tons are harvested. In the north of the state, besides the municipality of Marialva, which contribute 42% of grape production, others such as Mandaguari, Uraí and Assaí are representative in the production of table grapes (Protas and Camargo 2011; IBGE 2012; Mello 2012) .
However,with the introduction of American and hybrid grape cultivars, there has been a production diversification in recent years, aiming at the elaboration of juice and table wine. Fruit juice processors in the north of Parana are highly interested in elaborating grape juice and wine due to the increasing demand of these beverages in Brazil, although the current varieties grown are not suitable for it. Thus, as the production for the fresh market is based mainly on grapes , it is necessary to develop strategies to diversify production processes for the Parana grape industry such as wine and grape juice making.
Among grape cultivars for these purposes highlights Cabernet Sauvignon, Tannat, Isabel and Jacquez. 'Cabernet Sauvignon' and 'Tannat' started to be cultivated in Brazil in the 1980's, since they can be used to make wines with high quality (Leão et al., 2009; Sato et al., 2011) . In contrast, 'Jacquez' grapes, as well as 'Isabel' grapes can be used to make juices and table wines (Sato et al., 2008a (Sato et al., , 2008b . Considering the above aspects, the cultivation of grape cultivars for processing (juice and wine making) and market production purposes is an alternative for the grape industry development in northern Parana. However, since phenological and productive characteristics of these grapes in Parana are not known, phenological and productive characterizations of grape cultivars for production in a new area are needed. This will enable the planning of agricultural activities and the estimation of prunning and harvesting dates under each one of those conditions (Roberto et al., 2015; Santos et al., 2013) .
Based on the above, the aim of this work was to characterize the phenology and physicochemical characterizations of 'Isabel', 'Jacquez', 'Cabernet Sauvignon' and 'Tannat' grapes grown in a subtropical area.
MATERIAL AND METHODS
This research was carried out in an experimental vineyard of 'Isabel' (Vitis labrusca L.) and 'Jacquez' (Vitis bourquina M.), 'Cabernet Sauvignon' and 'Tannat' (Vitis vinifera L.) grapes, located in the city of Maringá, in the north of Parana state, Brazil. The regional climate there is subtropical (Cfa), and the average annual precipitation is around 1,600 mm.
Characterization of grape cultivars for processing and fresh market production in a subtropical area
The germplasm was obtained from a virus-free source (Brazilian Agricultural Research Corporation -Embrapa (Empresa Brasileira de Pesquisa Agropecuária). American grapes were planted on their own roots spaced at 4.0 x 1.0 m, whereas European grapes were grafted on 'IAC 766 Campinas' rootstock and spaced at 4.0 x 1.5 m. All cultivars were supported on overhead trellis systems and pruned in a spur system (two-bud spurs). Hydrogen cyanamide (2.5%) was sprayed on buds right after pruning for late winter dormancy breaking.
A randomized design was used as a statistical model with 20 replications for each cultivar, and each plot consisted of one vine. The experiment was initiated in July 2003, and it was evaluated for 2 consecutive cycles (2003/2004 and 2004/2005 seasons) . The following grapevine characteristics were evaluated:
Phenology
For grapevine phenological evaluation, two canes were previously marked per plot. According to the classification system proposed by Baillod and Baggiolini (1993) , the grapevines phenology were visually evaluated according to the duration of each of the following stages expressed in number of days: bud swell: when 50% of buds showed plumage; beginning of shoot growth: when 50% of new shoots showed small leaves; flower cluster visible: when 50% of shoots showed flower cluster; flowering: when 50% of flower clusters were in bloom (flowering); early ripening (veraison): when first traces of color appeared on 50% of berries or when 50% of berries were soft; and harvest: when 100% of berries showed intense color and reached the highest sugar rate. Finally, a diagram was elaborated for each cultivar every season, representing each stage duration in days.
Thermal characterization of phenological stages
For thermal demand characterization of all cultivars, the thermal index, also known as summation of degree-day (DD), was estimated from pruning to harvest, as well for each grapevine phenological stage. The DD calculation was performed using daily data from the Meteorological Station of Maringa State University, (Universidade Estadual de Maringá, Parana), according to the expressions proposed by Bautista and Vargas (1981) The DD was then calculated for two base-temperatures (10 and 12 o C), in order to establish the lowest standard deviation (expressed in days), i.e., the temperature with the lowest standard deviation was considered as base for each phenological stage, according to the expression proposed by Arnold (1959) : Sd = Sdd/xt -tb, where: Sd = standard deviation (days); Sdd = standard deviation (degree-day); xt = air temperature average during the period ( 
Physicochemical characteristics of production
The berry physicochemical characteristics of all cultivars were weekly sampled from early ripening up to 7 days after harvest. Therefore, a sample of 300 berries (10 sub-plots of 30 berries) of each cultivar was collected, and the following parameters were analyzed: mass (g), width (mm), total soluble solids (TSS), titratable acidity (TA) and TSS/TA. The TSS was measured using a digital refractometer with automatic temperature compensation (Model DR 301-95, A. Kruss Optronik, Germany) and results were expressed as o Brix. TA was measured with a digital autotriton device (Model Tritroline Easy, Schott Gerate, Germany), setting pH = 8.2 as the end point. For TA evaluation, a standard solution of NaOH 0.1N was used and the results were expressed in (%) of tartaric acid. Regression modeling using Statistica® software version 5.0 was used to determine relationships between physicochemical properties of the grapes and the sampling date in order to predict harvest date.
At harvest, the number of clusters per plant of each plot was recorded for all grape cultivars to estimate production variables (kg per plant and t ha -1 ). For cluster characteristics evaluation, a sample of 5 clusters per plot was collected, and the following variables were analyzed: mass (g) and length (cm). Samples were analyzed at the Fruit Technology Laboratory of the State University of Londrina (Universidade Estadual de Londrina).
The berry color development of all cultivars was evaluated from early ripening to harvest using a Color Reader (Model CR 10, Minolta, US). Three measurements were made around the equatorial belt of each berry, and the color was based on CIEL*a*b* values.
The means and the standard deviations of each variable obtained individually in the evaluated seasons were considered for the discussion of the results.
RESULTS AND DISCUSSION

Phenological stages duration:
In the 2003/2004 season ( Figures 1A and 2A) , the cycles of both cultivars (pruning to harvest) were similar (127 and 126 days, respectively). However, few differences were observed concerning some periods between the varieties, such as from visible flower cluster to flowering (17 and 22 days, respectively), from flowering to early ripening (65 and 55 days, respectively), and from early ripening to harvest (28 and 33 days, respectively). Figures 1B and 2B ), the cycles of these grapes were different (135 and 149 days, respectively). The period from early ripening to harvest of both cultivars was quite different (33 and 45 days, respectively). In this period, the cycles of these grapes were longer than those of 2003/2004, probably due to weather conditions, i.e., rainfall during January 2005 was very high, period in which grapes were in the final stage of maturation. In addition, sunlight in this period was less intense because of the long period of rainfall, resulting in an increased period for grapes to reach maturation.
A
According to Sato et al. (2008a) , the cultivar Jacquez, cultivated in the north of Paraná, presented cycle of 137.5 days. On the other hand, Sato et al. (2008b) related that 'Isabel' grape graft in different port grafts presented cycle of 142 at 167 days in the same region. These same grapes, 'Isabel' and 'Jacquez' cultivated in the Serra Gaúcha region, Rio Grande do Sul, presented cycle of 169 and 167, respectively (Camargo 2004) . In other words, it means that the cycle of these grapes in the north of Parana is shorter than that of Serra Gaúcha, depending on the port graft being used. Roberto et al. (2004) reported that the cycle of 'Isabel' cultivated in the north of Parana was 127 days. Similar results were described by Broetto et al. (2011) and Nunes et al. (2016) , who reported 'Isabel' cycle of 125 and 130 days in the city of Guarapuava, Paraná, and in São Vicente Férrer, Pernambuco, respectively. However, Lima et al. (2003) These differences in cycles between regions can be explained by different weather conditions of each one, i.e., the north of Parana and the Vale do São Francisco present higher average of temperature when compared to Serra Gaucha, and as a result, the vegetative development of grapes is accelerated, reducing their cycle. However, it is important to emphasize that the weather condition in the north of Parana varies year to year, what implies that grape cycles may also change, depending on the time when dormancy breaking is applied as well.
Considering the above results, as the cycles of 'Isabel' and 'Jacquez' are similar, it is important that dormancy breaking and pruning occur at a different time to avoid concentration of some cultural practices, such as harvesting.
In the The duration of phenological stages until flowering was similar between both cultivars. However, the greatest differences were observed from flowering to early ripening (5 days longer for 'Tannat'), and from early ripening to harvest (7 days longer for 'Tannat').
In the 2004/2005 season ( Figures 3B and 4B ), the cycle of 'Cabernet Sauvignon' was longer than the previous period (132 days), whereas for 'Tannat', the cycle was exactly the same as that observed previously (139 days). It is very important to know the difference between cycles of both cultivars grown in the north of Parana. Even though dormancy breaking and pruning are applied in the same period, fruit harvest will not occur at the same time, avoiding concentration of man-power during this critical moment. Similar results were found by Santos et al. (2007) and Sato et al. (2011) for 'Cabernet Sauvignon' and 'Tannat', that presented cycles of 130.3 at 132 and 131.3 at 139 days, respectively, in the north of Paraná.
Therefore, the phenological performance of grapes allows the definition of the time that several stages occur, favoring the best application of cultural practices, as well providing information to grape growers to predict harvest date. 
Thermal demand
The most suitable base-temperature for both cultivars observed was 10 o C, resulting in the lowest standard deviations (Sd) in days, when compared to 12 o C. Other authors reported that the most appropriate temperature to characterize their thermal demand was 10 o C for several grape cultivars in Brazil (Nagata et al., 2000) . The thermal demand for 'Isabel' and 'Jacquez' grapes (pruning to harvest) were quite similar in the 2003/2004 season (1,238.2 and 1,287.0 DD, respectively) ( Table 1) . As the cycle of these cultivars were alike, the same condition was observed regarding the thermal demand in this period. In the 2004/2005 season, the thermal demand for 'Isabel' and 'Jacquez' grapes were higher than those of the last period (1,308.1 and 1,454.5 DD, respectively) ( Table 2 ) and, their cycles were also longer. The 'Jacquez' thermal demand in this period was higher than 'Isabel' due to its cycle, which was 14 days longer. The thermal demand can also change according to the port graft used for 'Isabel' grape, according to Sato et al. (2008b) . These authors observed thermal demand between 1,260.9 and 1,541.6 DD on 'Isabel' grape grafted in different port grafts in the north of Paraná. The most suitable base-temperature for both cultivars observed was 10 In the 2004/2005 season, 'Isabel' and 'Jacquez' showed 83.5 and 115.2 clusters per plant, respectively, and according to their cluster mass (0.11 and 0.19 kg, respectively), the yield estimation per plant was 9.9 and 15.4 kg, respectively, whereas the yield estimation was 24.9 for 'Isabel' and 38.5 t ha -1 for 'Jacquez'. At harvest, the cluster length of 'Jacquez' (19.5 cm) was higher than that of 'Isabel (11.0 cm) (Table 6 ). Regarding yield, Sato et al. (2008a) reported 37 t ha -1 for 'Jacquez' grape . TSS concentration during harvest of 'Isabel' was lower than that of 'Jacquez' (15.7 and 17.9 oBrix, respectively). In relation to the TA concentration, similar results were also observed for these cultivars (1.2 and 1.5% of tartaric acid, respectively). However, the TSS/TA ratio of both cultivars was very similar (12.7 and 11.9, respectively).
In the 2004/2005 season, the berry mass and width of both cultivars were similar to the previous evaluation (2003/2004) (Table 8) . The concentration of TSS observed in 'Isabel' and 'Jacquez' during harvest were lower than that of the 2003/2004 period (13.6 and 15.1 o Brix, respectively). This can be explained by the fact that during the second year of evaluation, rainfall rate was higher during the last 2 weeks of cluster maturation, and so was sunlight appearance. For these reasons, 'Isabel' grape could not express its potential to accumulate sugars in that period. However, TA concentration of these cultivars during harvest (0.7 and 0.8%, respectively) were lower than that of the 2003/2004 period, probably due to water supply on soil which was higher during that time, diluting organic acid on berries (Pedro Junior et al., 2014) . TSS/TA ratio was similar for both cultivars during that period (18.8 and 18.0, respectively).
According to Camargo (2004) , 'Isabel' and 'Jacquez' grapes grown in Serra Gaucha are harvested with TSS concentration around 18.4 and 20.8 o Brix, respectively, which are higher than the average observed in the north of Parana. This difference can be influenced by the cycle reduction of these cultivars in Parana, resulting in a shorter period for these grapes to accumulate sugars up to this level. Similar results were observed in the Vale do São Francisco, Pernambuco; in this region, 'Isabel' grape reaches TSS concentration of 17.2 o Brix during harvest . In the 2003/2004 season, the number of clusters of 'Tannat' per plant was higher than that of 'Cabernet Sauvignon' (37.9 and 26.6 clusters per plant, respectively). Considering their cluster mass (0.34 and 0.12 kg, respectively), a higher production per plant (12.9 and 3.2 kg per plant, respectively) and yield estimations (21.4 and 5.3 t ha -1 ) were also observed. The cluster length of both cultivars was similar (14.1 and 14.5 cm, respectively) ( Table 5) .
In the 2004/2005 season, the number of clusters per plant for 'Cabernet Sauvignon' was higher than that of 'Tannat' (78.7 and 36.6 clusters per plant, respectively). Considering their cluster mass (0.12 and 0.16 kg, respectively), the production estimation observed was 9.9 and 6.0 kg per plant; and 24.9 and 15.9 t ha -1
, respectively (Table 6 ).
The cluster length of 'Cabernet Sauvignon' was higher than that of 'Tannat' (14.4 and 13.6 cm, respectively). On the other hand, Sato et al. (2011) observed low yield levels for 'Cabernet Sauvignon' and 'Tannat' cultivated in the north of Paraná, 8.9 and 12.1 t ha -1 , respectively. The yield estimation for 'Cabernet Sauvignon' in the 2004/2005 season was higher than the previous one (2003/2004) , indicating that on this second year of evaluation, this cultivar was beginning to express its potential more evidently, showing better performance in relation to other regions, such as in Serra Gaucha, Rio Grande do Sul. However, the yield estimation for 'Tannat' in the season of 2004/2005 was lower than the previous one, but it was still higher than in Serra Gaucha.
For 'Cabernet Sauvignon' grapes cultivated in Serra Gaucha, cluster mass recorded was close to 0.15 kg (Rizzon and Miele 2002) ; similar to that observed in the north of Parana. Giovannini (2003) studied the yield aspects of red grapes for winemaking in Rio Grande do Sul from 1996 to 2000; this author demonstrated that 'Cabernet Sauvignon' showed yield of 11.8 t ha -1 , whereas 'Tannat' showed 13.9 t ha -1 (considering old and new vineyards). In São Roque, São Paulo, for 'Cabernet Sauvignon', yield values ranged from 8.4 to 13.3 t ha -1 , according to the pruning time (Pedro Júnior et al., 2014) . In relation to berry characteristics, the berry width was similar for both cultivars in the 2003/2004 season (10.9 and 10.5 mm, respectively), even though the berry mass of 'Tannat' (1.6 g) was higher than that of 'Cabernet Sauvigon' (1.1 g) ( Table 7 ).
In the 2003/2004 season, TSS concentration of 'Cabernet Sauvignon' was lower than that of 'Tannat' (17.1 and 21.2 º Brix, respectively). For this cultivar, TSS contents were observed between 18.7 at 19.9 º Brix due to pruning time (Pedro Júnior et al., 2014) . Therefore, pruning time is another important factor to be considered to estimate the phenological behavior of grapes in different regions.
In relation to TA concentration, similar results were also obtained for these cultivars (1.1 and 1.0% of tartaric acid, respectively). TSS/TA of both grapes were different (15.4 and 20.4, respectively) . TSS/TA is an index to determine grape maturation and its enological quality. However, this index must be used carefully. since an increase in TSS does not even correspond to an equal reduction in TA (Rizzon and Miele 2002) .
In the 2004/2005 season, berry width was similar for 'Cabernet Sauvignon' and 'Tannat' (12.8 and 12.9 mm, respectively). At this moment, 'Tannat' berries were slightly heavier than those of 'Cabernet Sauvignon' (1.7 and 1.3 g, respectively) ( Table 8 ). The 'Tannat' TSS content was higher than that of 'Cabernet Sauvignon' (19.9 and 14.1 °Brix, respectively). TA concentration of both cultivars were similar (0.8 and 0.7% of tartaric acid, respectively), but lower than the previous season (2003/2004) , where the concentration was higher than 1.0% for both cultivars. It might have occurred due to the dilution of organic acids on berries. During the late harvest period, the occurrence of rainfall was high. TSS/TA for 'Tannat' was 26.6 and for 'Cabernet Sauvignon' and this relation was 18.7.
Regarding these characteristics, Sato et al. (2011) , studying those cultivars in the north of Paraná, observed 14.5 º Brix and 1.1% of tartaric acid for 'Cabernet Sauvignon', and 17.7 º Brix and 1.1% of tartaric acid for 'Tannat'. According to Giovaninni (2003) , 'Tannat' grape is harvested in Serra Gaucha with 20.1 °Brix, whereas Lima et al. ( , 2004 , described that this grape cultivated in Vale do Sao Francisco, Pernambuco, is harvested with 18.3 °Brix. and under certain conditions, this concentration can reach 25.0 °Brix. The good performance of this cultivar in the north of Parana (high productivity and TSS content) during this 2-year-evaluation indicates a good adaptation to local conditions. Regarding 'Cabernet Sauvignon' grapes in Serra Gaucha, they are harvested with 18.1 °Brix (Rizzon and Miele 2002) , whereas Lira et al. (2003) described that this cultivar grown in Vale do Sao Francisco can reach a higher content of sugars during harvest (23.5 °Brix). Even though 'Cabernet Sauvignon' productivity in the 2004/2005 season was higher than in the previous season (2003/2004 ). This may be for the fact that a limit of production (kg per plant) must be respected to provide better chemical characteristics of must, such as sugar content. These questions can be answered only several years after this research is evaluated.
Chemical components evolution on berries
For both cultivars, TSS evolution was best adjusted for cubic regression (P<0. According to Blouin and Guimberteau (2000) , during the herbaceous growing phase of berries, the sugar content is low. In this period, sugar is used for fruit development, as well for seed growing and maturation. When early ripening is reached, a metabolic change of sugar utilization causes a fast accumulation of this component on berries characterizing veraison. However, depending on the climate condition and cultivar, grapes cannot always be harvested when they reach the highest content of sugars. This can occur as a result of bird attack and berry cracking caused by rain, provoking fungal diseases and jeopardizing the winemaking process.
In relation to TA evolution, cubic regression was best adjusted to this characteristic for both cultivars (P<0.05) Figure 6 , respectively). TA content decrease in this phase was due mainly to the malic acid respiratory process and to the organic acid reduction in relation to the berry size increase (Mota et al., 2006) .
The cubic regression also best explained the berry evolution of TSS/TA (P<0. Figure 6 , respectively). Until 60 days of flowering, this relation was stable, although from this date on, where the early ripening began, an accelerated increase of this relation up to the last evaluation was observed (7 days after harvest), caused by TSS increase and TA decrease.
For European cultivars, TSS evolution was best adjusted for cubic regression ( TA berry evolution of 'Cabernet Sauvignon' and 'Tannat' was better explained by using the cubic regression (P<0.05) (R2=0. 94 and 0.91 in 2003/2004, Figure 7; and 0.93 and 0.94 in 2004/2005, Figure 8, respectively) .
As for TSS/TA evolution, the cubic regression provided the higher determination coefficient for both cultivars (P<0.05) (R2=0. 95 and 0.98 in 2003/2004, Figure 7; and 0.96 and 0.98 in 2004/2005, Figure 8 The results observed here reinforces the assumption of Gonçalves et al. (2002) , who reported that quality attributes, such as TSS, TA and TSS/TA, are extremely important to monitor the ideal harvest time, providing a better control of grape material to be used for grape juice and winemaking. Table 9 shows the CIEL*a*b* color attributes of berries when the clusters of American grapes were harvested. For both cultivars, L* was similar (23.2 and 24.0 for 'Isabel' and 'Jacquez', respectively).
Berry color development
As L* ranged from 0 to 100 (100 being the lightest) during this time, berries of 'Isabel' and 'Jacquez' tended to black. The other color attributes evaluated (a* and b*) were all negative, but very close to zero. As a* and b* ranged from -100 to 100, the values observed for both cultivars associated with the respective lightness corresponded to a black color during harvest, according to the CIEL*a*b* color space. Figure 9 represents the berry color development of 'Isabel' and 'Jacquez' over time. Considering the three attributes evaluated (L*a*b*), it was possible to verify that there is a strong change on berry color from early ripening, where the standard deviation values are higher. It occurs because at this time, berries start to change their color from green to black, i.e, L* decreases at this moment. However, a* starts to increase, whereas b* starts to decrease, reaching both values around zero at harvest. For 'Cabernet Sauvignon' and 'Tannat' grapes, L* was similar (22.8 and 22.0, respectively), providing a slightly darker color than the American grapes evaluated in this research. The a* and b* attributes also tended to zero, providing a black color of berries at harvest ( Table 9) .
The berry color development of both cultivars over time, considering the CIEL*a*b* parameters, is shown in Figure 10 . As discussed for American grapes, a strong change of berry color parameters was observed from early ripening. During this time, the standard deviation values were high, because the green color started to disappear. The performance of other parameters (a* and b*) was similar to the observed for American grapes.
The results in this research are similar to those reported by Granado et al. (2001) and Zurbano et al. (2001) , who studied the berry color of 'Garnacha' and 'Tempranillo' red grapes during maturation in La Rioja, Spain. The authors described that at the end of maturation, as L* was low and a* and b* values were very close to zero, the color of grapes tended to black, being impossible to distinguish them through human´s eye.
The color analysis showed to be a useful tool to evaluate the berry color of grape cultivars in this research. As color is related to the presence of anthocyanins on berry skin, the L*a*b* values observed for all cultivars at harvest, as well the evolution of these attributes over time, confirmed that these grapes reach a color pattern compatible for processing purposes. 
CONCLUSIONS
Considering the main evaluated characteristics of 'Isabel', 'Jacquez', 'Cabernet Sauvignon' and 'Tannat' grapes, such as duration of the main phenological stages, physicochemical properties and yield, these cultivars present good adaptation and high potential to be grown in the subtropical area of Parana state.
